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ABSTRACT 
We present images of 29 post-starburst quasars (PSQs) from a Hubble Space Telescope (HST) Advanced Camera 
for Surveys (ACS) Wide Field Channel Snapshot program. These broadlined active galactic nuclei (AGNs) possess 
the spectral signatures of massive (Mburst ∼ 1010 M0), moderate-aged stellar populations (hundreds of Myr). Thus, 
their composite nature provides insight into the AGN–starburst connection. We measure quasar-to-host galaxy light 
contributions via semi-automated two-dimensional light proﬁle ﬁts of point-spread-function-subtracted images. 
We examine the host morphologies and model the separate bulge and disk components. The HST/ACS-F606W 
images reveal an equal number of spiral (13/29) and early-type (13/29) hosts, with the remaining three hosts 
having indeterminate classiﬁcations. AGNs hosted by early-type galaxies have on average greater luminosity than 
those hosted by spiral galaxies. Disturbances such as tidal tails, shells, star-forming knots, and asymmetries are 
seen as signposts of interaction/merger activity. Disturbances like these were found in 17 of the 29 objects and 
are evenly distributed among early-type and spiral galaxies. Two of these systems are clearly merging with their 
companions. Compared to other AGNs of similar luminosity and redshift, these PSQs have a higher fraction of 
early-type hosts and disturbances. Our most luminous objects with disturbed early-type host galaxies appear to be 
consistent with merger products. Thus, these luminous galaxies may represent a phase in an evolutionary scenario 
for merger-driven activity. Our less luminous objects appear to be consistent with Seyfert galaxies not requiring 
triggering by major mergers. Many of these Seyferts are barred spiral galaxies. 
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1. INTRODUCTION 
The correlation between the masses of central supermassive 
black holes in local galaxies and their stellar bulge (MBH ∼ 
0.15%Mbulge ; Merritt & Ferrarese 2001; Magorrian et al. 1998; 
Gebhardt et al. 2000a) suggests that the growth of black holes 
is intimately linked to the formation and evolution of their host 
galaxies. There is a tighter correlation between black hole mass 
and stellar velocity dispersion (M–σ∗ relation; Gebhardt et al. 
2000b; Ferrarese & Merritt 2000; Tremaine et al. 2002). These 
relations have been extended by more recent studies of galaxies 
and quasars at high redshift (e.g., Shields et al. 2003; Treu  
et al. 2004, 2007; Peng et al. 2006a, 2006b; Woo et al. 2006, 
2008; Bennert et al. 2010). The link between the evolution 
of supermassive black holes and their host galaxies hints at a 
common origin via a process synchronizing the growth of both 
(Kauffmann & Haehnelt 2000; Granato et al. 2004; Hopkins 
et al. 2008). 
Observational evidence and theoretical modeling supports a 
“merger hypothesis,” a mechanism responsible for the forma­
tion of large (i.e., elliptical) galaxies via mergers of smaller (e.g., 
spiral) systems (Toomre 1977). Ultraluminous infrared galaxies 
(ULIRGs) are interacting systems powered by both starbursts 
and active galactic nuclei (AGNs). ULIRGs have been hypoth­
esized to evolve into “normal” optically luminous quasars after 
the central engine clears away the dust associated with the mas­
sive star formation (Sanders et al. 1988; Sanders & Mirabel 
1996; Veilleux 2006) and are possibly the ﬁrst step in the 
evolution of large elliptical galaxies. Post-starburst galaxies, 
objects with the spectral signatures of massive, moderate-aged 
stellar populations, show signs of fossil AGN activity and are 
thought to be systems a few 100 Myr after the ULIRG phase 
(Tremonti et al. 2007). Furthermore, deep imaging reveals that 
the host galaxies of normal optically luminous quasars are dis­
turbed (e.g., Canalizo & Stockton 2001; Kauffmann et al. 2003; 
Canalizo et al. 2007; Bennert et al. 2008), a telltale sign of inter­
action, and reveal the presence of young stellar populations (e.g., 
Canalizo & Stockton 2001; Kauffmann et al. 2003; Jahnke et al. 
2004; Vanden Berk et al. 2006). It has been suggested that these 
distinct phenomenological phases are part of an evolutionary 
merger sequence (Hopkins et al. 2008). 
Numerical simulations have successfully reproduced the 
physical properties of elliptical galaxies and bulges through 
major mergers of gas-rich disk galaxies (Granato et al. 2004; 
Di Matteo et al. 2005; Hopkins et al. 2006). These simulations 
follow star formation and black hole growth simultaneously 
during gas-rich galaxy–galaxy collisions and ﬁnd that mergers 
lead to strong gaseous inﬂows that feed quasars and intense 
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starbursts (i.e., a ULIRG phase). In due course, feedback from 
the quasar quenches both star formation and further black 
hole growth (Di  Matteo et al.  2005). Without further star 
formation the blue remnant evolves onto the red sequence in 
∼1 Gyr (Springel et al. 2005). Thus, AGN feedback is deemed 
responsible for the coupling of the black hole mass with the host 
bulge mass as well as the bimodality of the color distribution of 
galaxies. 
Galaxy bimodality is observed in galaxy colors, morphology, 
star formation rates, and galaxy stellar masses (e.g., Kauffmann 
et al. 2003; Blanton & Moustakas 2009). A color–magnitude 
diagram of galaxies reveals this bimodality as two strong 
peaks in the red and blue. The blue cloud consists of a 
population of galaxies that are actively star-forming, gas-
rich, and morphologically disk-dominated. The red sequence 
population is typically quiescent, gas-poor, and morphologically 
spheroidal. Since z = 1, the stellar mass contained within the red 
sequence doubled while that of the blue cloud remained more or 
less constant (Bell et al. 2004). Some blue cloud galaxies quench 
their star formation and passively evolve to the red sequence 
while other blue galaxies continue with ongoing star formation. 
These both happen at such a rate that the stellar mass generated 
via star formation is balanced by the mass of galaxies moving 
off of the blue cloud (Martin et al. 2007). Galaxies that lie 
intermediate between the blue cloud and red sequence (i.e., in 
the “green valley”) are likely transition galaxies. Local AGN 
hosts lie in this green valley of the color distribution of galaxies. 
Their intermediate colors suggest that they are now, without 
signiﬁcant star formation within the past ∼100 Myr, passively 
evolving from the blue cloud to the red sequence (Schawinski 
et al. 2009). 
Some of the research into the bimodality of the galaxy pop­
ulation has centered on post-starburst galaxies. Traditionally, 
post-starburst galaxies are deﬁned by strong Balmer absorption 
lines, indicating intense star formation in the past ∼1 Gyr as 
well as a lack of ongoing star formation which is observed as 
an absence of nebular emission lines (Dressler & Gunn 1983). 
Their spectra are best modeled as a superposition of an ellip­
tical spectrum and an A-star spectrum, hence they are often 
called E + A or k + a and sometimes called Hδ-strong galaxies. 
These galaxies are thought to be in transition between actively 
star-forming late-type galaxies and passive early-type galaxies 
observable on a timescale of 100s of Myr (<1 Gyr). It is im­
portant to note that placing limits against nebular emission lines 
biases the sample selection against AGNs (Yan et al. 2006; Wild 
et al. 2009). Additionally, it has been found that the traditional 
post-starburst galaxy deﬁnition is too narrow to encompass a 
full range of post-starburst galaxies (Falkenberg et al. 2009). 
A post-starburst phase can be induced via starbursts and/or 
halting of star formation (Falkenberg et al. 2009). There are a 
number of mechanisms attributed to triggering the post-starburst 
phase (e.g., merger, harassment, gas stripping, strangulation, 
etc.). For example, Falkenberg et al. (2009) model star formation 
activity of harassment as a starburst with gradual termination 
of star formation as the galaxy gradually consumes its fuel. 
However, a gas-rich major merger triggers a strong burst of 
star formation followed by a rapid truncation on the order 
of ∼ 0.1–0.4 Gyr. This rapid truncation may be due to the 
rapid consumption of fuel or its expulsion from the galaxy 
via AGN and/or supernova feedback. Observationally, post­
starburst galaxies have been linked to mergers and AGNs (e.g., 
Brown et al. 2009; Falkenberg et al. 2009; Wild et al. 2009, 
and references therein). The environments and morphologies of 
post-starburst galaxies are heterogeneous, which is suggestive of 
multiple triggering mechanisms, with merger-triggered AGNs 
possibly being responsible for the most luminous post-starburst 
galaxies (Brown et al. 2009). 
A key evolutionary phase in merger-driven evolutionary 
scenarios is the ignition of AGN activity that, through outﬂows, 
can inhibit both star formation and its own fueling. Such 
objects would be expected to have luminous quasar activity, 
starburst or post-starburst signatures, along with indications 
of a recent merger (e.g., companion, tidal tails, star forming 
knots, asymmetries, etc.). Indeed, the post-starburst quasar 
(PSQ) prototype, UN J1025-0040, possesses many of these 
features; it is hosted by a galaxy with a ∼400 Myr old 
strong starburst (Brotherton et al. 1999), has a companion 
galaxy in a post-starburst phase (Canalizo et al. 2000), and 
is morphologically classiﬁed as a merger remnant (Brotherton 
et al. 2002). A younger UN J1025-0040 (tens of Myr after the 
starburst) would have a more luminous stellar population and 
would likely be dust-enshrouded, placing it in the ULIRG class. 
These observations suggest that UN J1025-0040 is a plausible 
transition object between ULIRGs and quasars. 
We investigate a sample of PSQs in this paper at somewhat 
lower redshifts and luminosities than the prototype, thus it is 
necessary to consider the premise of Hasinger (2008). Hasinger 
suggests that major merger-driven evolution dominates in the 
early universe, producing the bulk of the brightest quasars at 
z = 2–3. Later, around z ∼ 1, secular evolution and minor in­
teractions take the lead, becoming the main fueling mechanisms. 
This is seen observationally—as we move to lower redshift, less 
massive systems show activity (Heckman et al. 2004). A recent 
study by Cisternas et al. (2011) of lower luminosity AGNs at 
z < 1, found that there is no difference in the disturbance frac­
tion between AGNs and inactive galaxies. Thus, as we move 
from quasar to Seyfert luminosities, fueling rates and triggering 
mechanisms may differ (Hopkins & Hernquist 2009). For exam­
ple, bars in spiral galaxies may be sufﬁcient to fuel such nuclear 
activity. For this reason, and since post-starburst galaxies tend 
to be a heterogeneous population, our sample selection may be 
expected to include objects of both types. 
We test the idea that PSQs are a phase in the life of galaxies 
triggered by external events (e.g., mergers, tidal interactions) 
or whether they are a more heterogenous population in which 
multiple mechanisms can contribute to the class (i.e., external 
events and internal processes). This paper is the ﬁrst in a 
series devoted to understanding the properties of PSQs. Our 
aim for this paper is to characterize the morphology and other 
host galaxy parameters of a sample of 29 PSQs via Hubble 
Space Telescope (HST) Advanced Camera for Surveys (ACS) 
F606W imaging. The sample selection and data used in this 
paper are discussed in Section 2. We visually characterize the 
morphologies in Section 3. The PSQ hosts are characterized via 
semi-automated two-dimensional light proﬁle ﬁts in Section 4. 
Host galaxy correlations between morphology and degree of 
disturbance are given in Section 5. In Section 6 we compare 
this sample’s properties with other types of galaxies (e.g., post­
starburst galaxies and AGN/quasar host galaxies). We present 
a summary of our conclusions in Section 7 along with a brief 
discussion of future directions of PSQ study. SDSS DR7 spectra 
of the targets are given in Appendix A. Descriptions of the 
individual targets are given in Appendix B. We adopt a Hubble 
constant of Ho = 73 km s−1Mpc−1 and a ﬂat universe where 
ΩM is equal to 0.27 with ΩΛ of 0.73, which is consistent with 
2 
The Astrophysical Journal, 741:106 (23pp), 2011 November 10 
Wilkinson Microwave Anisotropy Probe three-year cosmology 
(Spergel et al. 2007). 
2. DATA 
2.1. SDSS Sample 
Of the 16,067 objects with z <  1 classiﬁed as broadlined 
(FWHM > 1000 km s−1) by Sloan Digital Sky Survey data 
release 3 (SDSS DR3; Abazajian et al. 2005) 609 were spec­
troscopically selected as PSQs and cataloged by M. Brotherton 
et al. (2011, in preparation, hereafter B11). To select PSQs, 
we modiﬁed a post-starburst galaxy selection algorithm used 
by Zabludoff et al. (1996). The selection criteria required that 
the spectra display both the broad emission lines of luminous 
AGNs (Type 1 Seyfert galaxies or quasars) and the Balmer ab­
sorption lines characteristic of massive stellar populations with 
ages ∼100s Myr. We note that B11 choose not to place limits 
on nebular emission (most notably Hα and [O ii]) since it may 
result from AGN emission. Thus, while a limit on nebular emis­
sion restricts the amount of ongoing star formation, it introduces 
an unfair bias against AGNs. For this reason B11 cannot ensure 
that these objects lack current star formation, however, the ad­
ditional use of a Balmer break criterion can help select galaxies 
with older and possibly weaker post-starburst features. 
The B11 catalog was built with conservative selection cri­
teria as an exploratory exercise to develop a more thorough 
understanding into the physical nature of PSQs. The aim of the 
selection criteria is to ﬁnd broadlined objects showing Balmer 
absorption. Through extensive trial and error B11 settled on the 
following criteria: 
1. S/N > 8 
2. Htotal > 2 
3. Hsig > 6 
4. Balmer Break >0.9. 
The continuum signal-to-noise ratio (S/N) was calculated be­
tween the rest wavelengths of 4150 and 4250 Å. Htotal is the 
summation of the Balmer lines Hδ, Hζ , and Hη. The  Hsig pa­
rameter is the signiﬁcance level of the detection of the Htotal 
parameter. The Balmer Break parameter is deﬁned as a strength 
based on the ratio of the ﬂuxes at two 100 Å wide regions starting 
at rest wavelengths of 3985 and 3740 Å. After removing false 
positives by visual inspection of the spectra the ﬁnal catalog of 
609 objects was assembled. 
Commonly, post-starburst galaxies are selected on the basis 
of only the strength of Hδ  (e.g., Zabludoff et al. 1996). This is 
problematic for selection of PSQs since the AGN component can 
dilute the absorption to the point of non-detection, so a stringent 
limit on Hδ  is not advisable. Estimating the dilution of the 
AGN component is non-trivial and beyond the scope of B11. 
Thus, the B11 selection criteria, although originally based on the 
algorithm of Zabludoff et al. (1996), is more reminiscent of that 
of Wild et al. (2009); they used a combination of Balmer lines 
and Balmer jump strength without a nebular emission criterion 
to select their sample of post-starburst galaxies without biasing 
against AGNs. 
2.2. HST Sample 
Focusing on the most luminous (Mr ∼ −22.9) examples 
of PSQs with Hδ  absorption equivalent widths >1 Å and in the 
redshift range 0.25 < z  <  0.45, a pool of 80 PSQs were selected 
as candidate targets for the HST/ACS Snapshot program. The 
most luminous objects also possessing Hδ  >  1 Å are more 
Cales et al. 
Table 1 
HST Sample Observations 
Object SDSS z ra Mr b Scale HST 
ID Name (kpc/11) Obs Date 
1 J003043−103517 0.296 18.36 −22.80 0.21 2006 Nov 5 
2 J005739+010044 0.253 17.68 −23.08 0.19 2006 Jun 11 
3 J020258−002807 0.339 18.26 −23.35 0.23 2005 Oct 16 
4 J021447−003250 0.349 18.66 −22.90 0.24 2005 Dec 3 
5 J023700−010130 0.344 18.67 −22.90 0.24 2005 Oct 11 
6 J040210−054630 0.270 18.96 −22.11 0.20 2005 Aug 7 
7 J074621+335040 0.284 18.11 −22.90 0.21 2006 Jan 3 
8 J075045+212546 0.408 18.19 −23.94 0.26 2005 Dec 15 
9 J075521+295039 0.334 18.83 −22.61 0.23 2005 Dec 8 
10 J075549+321704 0.420 18.99 −23.00 0.27 2005 Oct 27 
11 J081018+250921 0.263 17.55 −22.99 0.20 2005 Dec 10 
12 J105816+102414 0.275 18.37 −22.48 0.20 2006 Jan 22 
13 J115159+673604 0.274 18.47 −22.52 0.20 2005 Aug 13 
14 J115355+582442 0.319 18.33 −22.76 0.22 2005 Aug 19 
15 J123043+614821 0.324 18.66 −22.67 0.23 2006 Mar 17 
16 J124833+563507 0.266 17.47 −23.35 0.20 2005 Jul 31 
17 J145640+524727 0.277 18.18 −22.73 0.20 2005 Aug 15 
18 J145658+593202 0.326 18.60 −22.76 0.23 2006 Jul 12 
19 J154534+573625 0.268 18.11 −22.77 0.20 2005 Oct 28 
20 J164444+423304 0.317 19.02 −22.05 0.22 2006 Mar 10 
21 J170046+622056 0.276 18.65 −22.37 0.20 2006 Feb 12 
22 J210200+000501 0.329 18.36 −23.12 0.23 2006 May 24 
23 J211343−075017 0.420 18.77 −23.55 0.27 2006 Jun 6 
24 J211838+005640 0.384 18.76 −23.38 0.25 2006 Jun 3 
25 J212843+002435 0.346 18.92 −22.70 0.24 2005 Jul 17 
26 J230614−010024 0.267 17.91 −23.00 0.20 2006 Jun 6 
27 J231055−090107 0.364 18.60 −23.23 0.24 2005 Aug 19 
28 J233430+140649 0.363 18.81 −22.95 0.24 2006 Jul 22 
29 J234403+154214 0.288 18.41 −22.77 0.21 2006 Jun 10 
Notes. 
a SDSS DR7 r AB magnitudes (modelMag_r).
 
b SDSS DR7 dereddened K-corrected r absolute AB magnitudes.
 
likely to have dominant post-starburst stellar populations, rather 
than just being systems with weaker AGNs or signiﬁcant line­
of-sight dust reddening. This redshift range ensures similar size 
scales, resolving structures about a half-kiloparsec across. We 
received 29 HST/ACS-F606W images that are listed in Table 1. 
SDSS DR7 spectra of the targets are given in Appendix A. This 
sample will hereafter be referred to as the PSQ sample. 
The F606W ﬁlter corresponds to the rest-frame B and probes 
wavelengths near the peak output for ∼100 Myr stellar pop­
ulations enhancing the stellar/AGN contrast. At a redshift of 
z ∼ 0.319 one kpc subtends 011.23. 
It is important to note that since the PSQs were selected using 
an apparent magnitude cut, the total luminosity given in Table 1 
reﬂects contributions from both stellar and AGN components. In 
order to detect an object as a PSQ, the post-starburst population 
and AGN luminosity must be of comparable strength. Objects in 
this sample are all classiﬁed as active galaxies in the Veron-Cetty 
& Veron (2006) catalog. 
2.3. Observations and Data Reductions 
ACS Wide Field Channel (WFC) observations (proposal ID 
10588; PI: M. Brotherton) were carried out between 2005 July 
and 2006 November. For each ﬁeld, two 360s 20211 × 20211 
F606W images, offset by a pixel in each direction, were 
acquired in order to facilitate the removal of cosmic rays and 
hot pixels. The images were bias-subtracted and ﬂat-ﬁelded 
with the standard ACS calibration pipeline. The Multidrizzle 
3 
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implementation provides fully geometrically corrected, cosmic-
ray cleaned, drizzle-combined images. The offsets and rotations 
were determined between the exposures by cross-correlating the 
bright ﬁeld stars and then drizzling the individual frames onto 
geometrically corrected output frames. Cosmic-ray masks were 
created for each frame. The original input images, together with 
the ﬁnal cosmic-ray masks were then all drizzled onto a single 
output image. We use an output pixel scale of 011 .05 pixel−1 and 
the square interpolation kernel for the ﬁnal drizzle image. 
Absolute magnitudes were calculated in the following man­
ner. We obtained SDSS DR7 spectra for all targets. We scaled the 
spectra to match the reported SDSS photometric r-band mag­
nitudes (modelMag_r). We then correct for Galactic extinction 
using the Schlegel et al. (1998) maps and the IRAF11 task dered­
den which utilizes the Cardelli et al. (1989) extinction curves. 
We used the resulting spectra to make K-corrections between 
the observed and rest-frame r-band. We elaborate on the ap­
proach for calculating F606W magnitudes of the host galaxy 
and point-spread function (PSF) in Section 4.3. 
Our method of performing K-corrections a more robust 
method since it does not assume a spectral shape but utilizes the 
data to make the calculation. We must note however that there is 
a possibility of aperture bias when calculating K-corrections in 
this fashion. The SDSS ﬁber diameter is 311. Thus, some of our 
objects are larger than the aperture and SDSS magnitudes are 
missing some of the light from the galaxy. Missing light from the 
galaxy may not be important unless there is a color gradient with 
radial distance from the central source. Therefore, capturing 
that missing light would change the shape of the spectra and by 
extension the K-correction. We estimate that on average ∼60% 
of the light falls in the ﬁber. 
3. MORPHOLOGIES 
The clearly resolved images reveal morphologies and com­
panions without the need for PSF subtraction. Visual classiﬁ­
cations were performed by S. L. Cales, M. S. Brotherton, and 
Z. Shang. In cases where the classiﬁers disagreed, the majority 
classiﬁcation was adopted as the ﬁnal classiﬁcation. Galaxies 
were morphologically classiﬁed into four main categories. 
1. Spiral. Host galaxies containing a disk, arms and/or bars. 
Grand design spiral galaxies have two arms which can 
be traced from the center to the outskirts of the galaxy. 
Flocculent spiral galaxies have arms which are fragmented. 
2. Probable spiral. Host galaxies with smooth distributions 
on the large scale but disk-like appearance upon careful 
inspection (i.e., by varying the size and dynamic scale of 
the image). 
3. Early-type. Host galaxies with smooth, somewhat feature­
less (lacking arms/bars although sometimes show tidal fea­
tures) light distributions. 
4. Indeterminate. Host galaxies for which it is difﬁcult to give 
a classiﬁcation because of the degree of disturbance. 
The majority of systems are disturbed. In two of the images 
we see obvious merging. Galaxies were classiﬁed by degree of 
disturbance into four main categories. 
1. Disturbed. Galaxies showing signs of interaction/merger 
activity such as tidal tails, shells, star-forming knots, and 
asymmetries. 
2. Highly disturbed. Host galaxies which appear to be the 
result of or in the process of a major merger, such as overall 
lack of structure with star-forming arcs, rings, and obvious 
multiple shell structure. These signatures are brighter with 
a galaxy-wide appearance indicating a stronger disturbance 
when compared to the Disturbed classiﬁcation. Note that 
this is highly subjective. 
3. Undisturbed. Galaxies lacking asymmetries or signs of 
interaction/merger activity. 
4. Indeterminate. Galaxies where competing possibilities, 
such as companion versus line-of-sight neighbor, asym­
metry, or star-forming knots, make classiﬁcation difﬁcult. 
Interactions, harassment, and outright mergers make clas­
siﬁcation difﬁcult; thus some objects were originally catego­
rized as indeterminate and ﬁnal classiﬁcation was performed 
after two-dimensional light proﬁle ﬁtting (Section 4). We de­
termine whether close neighbors are indeed companions with 
Keck spectroscopy in an upcoming paper (R. Stoll et al. 2011, in 
preparation). Figure 1 gives postage stamp images of our sam­
ple. Table 2 summarizes the host galaxy morphologies, along 
with a choice of model ﬁt which we will discuss in Section 4. 
Descriptions of the individual targets are given in Appendix B. 
4. QUASAR–HOST DECOMPOSITION 
We decompose the quasar/host of the PSQ to determine 
whether there is more ﬁne structure in the nuclear regions as well 
as to determine the quasar-to-host galaxy light contributions 
which will be necessary to constrain spectral modeling of the 
sample (S. Cales et al. 2011, in preparation). We use a PSF to 
model the AGN/quasar core of a PSQ. We then ﬁt a variety 
of two-dimensional light proﬁles to the host and prescribe a 
method for choosing the best-ﬁtting model. 
4.1. Modeling the Point-spread Function 
We followed the prescription set forth by Canalizo et al. 
(2007) to generate an empirical PSF model which we de­
scribe brieﬂy here. The star was chosen from the HST archive 
(GO-9433) to be within 30 pixels of the target position of 
ACS/WFC and processed in a standard manner. The PSF was 
then adaptively smoothed by comparing the data to the standard 
deviation s of the sky, according to the following: (1) for data 
of high signal (>7s) the PSF was unmodiﬁed, (2) for values 
between 3s and 7s a Gaussian kernel of σ = 0.5 pixel  was used  
to smooth the image, (3) for data of <3s we used a Gaussian 
kernel of σ = 2.0 pixels, and ﬁnally (4) after this last step if the 
data values were less than 1s the value was replaced by zero. 
The unaltered PSF was retained to test the effects of the adaptive 
smoothing. 
We also generate Tiny Tim (Krist & Hook 2004) synthetic 
HST PSFs. Through extensive testing of the three types of 
PSFs we found the empirical models (adaptively smoothed 
and unaltered versions) yielded superior models and thus we 
preferred these PSFs to the Tiny Tim PSFs. 
4.2. Two-dimensional Image Analysis 
GALFIT (Peng et al. 2002) is a two-dimensional light 
11 IRAF (Image Reduction and Analysis Facility) is distributed by the proﬁle ﬁtting program utilizing chi-squared minimization to National Optical Astronomy Observatory, which is operated by Association of 
Universities for Research in Astronomy, Inc., under cooperative agreement simultaneously ﬁt components in an image having different light 
with the National Science Foundation. distributions (e.g., sky, PSF, de Vaucouleurs 1948; Se´rsic 1968). 
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Figure 1. Mosaic of the 29 HST/ACS images. Each image is 1011 ×1011. NE is toward the upper left. At an average redshift of (z) ∼  0.319, these 200 × 200 pixel images 
correspond to about 44 kpc across. For reference, we show the 311 SDSS ﬁber aperture overlaid on the ﬁrst image. See also http://physics.uwyo.edu/agn/psq/index.html 
for a ﬁner detailed view.
 
(A color version of this ﬁgure is available in the online journal.)
 
The S ´ersic power law is a generalized power law deﬁned by 
    1/n   
r
Σ(r) = Σeff exp −κ − 1 . (1) 
reff
The pixel surface brightness at the effective radius reff is Σeff . 
The effective radius is deﬁned such that half of the ﬂux is within 
reff and constrains κ to be coupled to the S ´ersic index, n. The  
Se´rsic index, also called the concentration index, describes the 
shape or concentration of the brightness proﬁle. A large index 
gives a steeply sloping proﬁle towards small radii with extended 
wings. Conversely, small values of n have shallow inner proﬁles 
with steep truncation at large radius. Special cases of the S ´ersic 
power law are the exponential (n = 1), de Vaucouleurs (n = 4), 
and Gaussian proﬁle (n = 0.5) used to ﬁt the disk, bulge, and 
PSF of galaxies, respectively. 
We decompose the image to determine the quasar-to-host 
light fraction, host morphology, and other host parameters. The 
method is as follows. First, we created a mask to exclude the 
surrounding objects. Then, as suggested by Peng et al. (2002), 
we begin by ﬁtting a PSF simultaneously with the sky. In 
GALFIT the ﬁtting functions/light distributions are convolved 
with the PSF to simulate blurring caused by the telescope optics. 
We then introduce a number of different models: (1) S ´ersic, (2) 
de Vaucouleurs, (3) Bulge-plus-Disk (n = 4 and n = 1), and the 
ﬁt is then recalculated. The modeled components are all initially 
centered on the position of the quasar, however, in subsequent 
iterations the centroid is free to move. 
For each light component the parameters of the ﬁt include: 
centroid of the component, magnitude, effective radius, S ´ersic 
index, axis ratio, and position angle. All of the components are 
free to vary. The exception to this rule is when the ﬁtting routine 
settles on large values of the S ´ersic index. Large S ´ersic values 
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Table 2 
PSQ Host Morphologies 
Object SDSS Visual Classiﬁcation Adopted Notes 
ID Name Morphology Bar Arm(s) Disturbance Model 
1 J003043−103517 . . B+D Grand-design 
2 J005739+010044 . B+D Grand-design, Asymmetric 
3 J020258−002807 ? ! B+D Asymmetric, SF arc 
4 J021447−003250 Se´rsic 
5 J023700−010130 . ! B+D Ring, SF knot 
6 J040210−054630 ? . Se´rsic Tidal tail/Intersecting companion? 
7 J074621+335040 Se´rsic 
8 J075045+212546 . Se´rsic Shells 
9 J075521+295039 . B+D Flocculent, Asymmetric 
10 J075549+321704 . . Se´rsic 
11 J081018+250921 . Se´rsic 
12 J105816+102414 Se´rsic 
13 J115159+673604 . . B+D Grand-design 
14 J115355+582442 Se´rsic 
15 J123043+614821 ? ? Se´rsic Flocculent 
16 J124833+563507 ! Se´rsic Shells 
17 J145640+524727 . . B+D Grand-design, Asymmetric, Fine structure 
18 J145658+593202 ? ! B+D 1 Grand-design?, Merger of 2-3 
19 J154534+573625 ?  B+D  
20 J164444+423304 Se´rsic 
21 J170046+622056 . B+D Ring, Dust lane, Merging companion 
22 J210200+000501 . Se´rsic Tidal tail 
23 J211343−075017 Se´rsic Companion 
24 J211838+005640 Se´rsic 
25 J212843+002435 Se´rsic Companion 
26 J230614−010024 .? B+D Flocculent, 1 Arm, Tidal features, Companion 
27 J231055−090107 . . . B+D Grand-design?, Merging companion 
28 J233430+140649 . Se´rsic Tidal feature 
29 J234403+154214 B+D Flocculent 
Notes. , , ?, and ? represent early-type, spiral, “probable” spiral, and indeterminate host morphology, respectively. A “.” indicates the 
presence of a bar, spiral arm(s), and/or disturbance. We denote highly disturbed objects with a “!”. A “?” denotes that there is evidence suggesting the 
property exists but resolution limits a deﬁnite classiﬁcation. We discuss our adopted model in Section 4.3. 
are generally due to a mismatch between the data and the galaxy 
component (or PSF, or sky) model. While there is no deﬁned 
number for the physical/unphysical boundary, C. Peng (2011, 
private communication) mentions that above n = 5 Se´rsic values 
are generally unreliable/unconvincing. Hence, the Se´rsic values 
above n = 5 are reset to the de Vaucouleurs (n = 4) proﬁle with 
little effect on the reduced-chi squared (χ2) value. ν 
We ﬁt the host galaxy component with simple light distribu­
tions. We note that it is not the goal of this study to make detailed 
model ﬁts to every feature of the targets. Subtracted simple light 
distribution models from the data allows us to see asymmetries 
and ﬁne structure such as tidal tails, shells, star-forming knots, 
rings, bars, and spiral arms. 
4.3. Model Choice 
There are many permutations between the two types of PSFs 
(adaptively smoothed and unaltered versions) and the three 
options for host components (Se´rsic, de Vaucouleurs, and Bulge-
plus-Disk). Our visual morphological classiﬁcations can help 
discriminate in cases where χ2 values of model choices are ν 
similar. We outline a method for choosing the model that best 
describes the host and quasar features of the PSQ sample. 
1. We ﬁt the PSQ images by varying the type of PSF and 
host galaxy component. This generates a library of ﬁts from 
which we choose the lowest reduced-chi squared (χ2) value. ν 
2. PSF. The chosen PSFs for the models were either the 
empirical unaltered or adaptively smoothed PSF based on 
the best χ2 model. Generally, the adaptively smoothed PSF ν 
generated the best ﬁt (Se´rsic ∼27/29 and Bulge-plus-Disk 
∼24/29), however, it sometimes made a difference in the 
χ2 if the unaltered PSF was used. Thus, on rare occasions ν 
we chose the unaltered PSF. 
3. Host component. We compare the model with the best 
χ2 to the original morphological classiﬁcations. In our ν 
subsequent analysis we adopt a Se´rsic model for early-types 
and a Bulge-plus-Disk model for spirals (spiral galaxies) 
and probable spirals. In the case of Object 10 we were 
unable to run a successful Bulge-plus-Disk model, thus, 
we were forced to choose the simpler S ´ersic model. For the 
rest of the objects, the model adopted based upon our visual 
classiﬁcation also yields the best χν 2 . 
Tables 3 and 4 give the AGN plus host galaxy modeling 
parameter results for the Se´rsic and Bulge-plus-Disk model 
runs, respectively. The ﬁtted parameters for each adopted 
model are denoted with an asterisk in the model parameter 
results tables. The residual images of the adopted models that 
best describe AGN plus host galaxy components are given in 
Figure 2. Figure 3 compares the nuclear light fraction for the two 
models as well as the adopted models which are formed from 
a combination of them. We show that in most cases the nuclear 
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Table 3 
PSQ Host Galaxy Se´rsic Modeling Results 
PSF Host/Se´rsic Component 
Object SDSS MF606W MF606W fnuc reff n b/a P.A. 
ID Name (mag) (mag) (kpc) (◦) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
1 J003043−103517 −21.3 −22.1 0.39 4.51 1.54 0.4786 −58.67 
2 J005739+010044 −20.1 −22.5 0.12 6.21 1.51 0.8620 27.28 
3 J020258−002807 −20.0 −22.6 0.11 3.52 0.78 0.9514 −61.59 
4 J021447−003250a −21.2 −22.2 0.34 4.24 2.23 0.7771 87.44 
5 J023700−010130 −20.6 −22.3 0.20 3.97 4.00 0.6811 52.61 
6 J040210−054630a −19.7 −21.7 0.16 4.45 0.88 0.9672 −80.98 
7 J074621+335040a −20.9 −22.2 0.25 1.38 3.12 0.7904 −63.84 
8 J075045+212546a −23.1 −23.3 0.59 8.96 2.80 0.9835 −80.21 
9 J075521+295039 −19.2 −22.3 0.06 4.89 1.05 0.8127 65.76 
10 J075549+321704a −21.7 −22.4 0.41 3.85 3.83 0.7334 −4.55 
11 J081018+250921a −21.9 −22.4 0.37 2.26 4.00 0.8061 79.94 
12 J105816+102414a −20.1 −22.2 0.15 1.46 4.00 0.9797 −41.72 
13 J115159+673604 −20.3 −21.9 0.23 5.96 2.22 0.5121 −71.77 
14 J115355+582442a −21.5 −21.9 0.45 2.22 4.00 0.5999 32.56 
15 J123043+614821a −21.0 −22.1 0.30 3.17 4.00 0.7866 −34.83 
16 J124833+563507a −21.4 −23.0 0.23 8.72 2.70 0.9568 46.34 
17 J145640+524727 −20.3 −22.0 0.20 4.65 1.40 0.8184 −71.79 
18 J145658+593202 −19.8 −22.2 0.12 5.14 1.10 0.5596 −5.69 
19 J154534+573625 −21.5 −22.0 0.45 4.97 1.90 0.4994 55.49 
20 J164444+423304a −20.7 −21.6 0.34 0.83 4.13 0.8653 −80.95 
21 J170046+622056 −20.0 −21.9 0.17 9.18 4.00 0.5299 4.81 
22 J210200+000501a −21.3 −22.3 0.30 4.63 3.75 0.8607 22.74 
23 J211343−075017a −21.5 −22.7 0.30 2.63 3.43 0.8661 −47.48 
24 J211838+005640a −22.0 −22.5 0.55 2.28 1.30 0.9070 76.10 
25 J212843+002435a −21.5 −21.9 0.48 7.31 1.89 0.6474 −15.48 
26 J230614−010024 −20.9 −22.5 0.22 3.13 2.00 0.9611 −29.18 
27 J231055−090107 −20.8 −23.8 0.19 13.51 1.85 0.4974 −40.57 
28 J233430+140649a −21.4 −22.9 0.34 1.65 3.84 0.7597 −49.09 
29 J234403+154214 −20.3 −22.1 0.22 6.03 1.27 0.8930 28.25 
Notes. Column 1: object ID number. Column 2: SDSS name. Column 3: integrated Galactic dereddened K-corrected absolute ST magnitude of the PSF 
in the F606W ﬁlter. Column 4: integrated Galactic dereddened K-corrected absolute ST magnitude of the host in the F606W ﬁlter. Column 5: PSF to 
total light fraction. Column 6: effective radius in kpc. Column 7: S ´ersic index. Column 8: axis ratio. Column 9: position angle (east of north). 
a Denotes the best/adopted model of the Se´rsic, de Vaucouleurs, and Bulge-plus-Disk model runs. 
light fraction is not overly sensitive to the adopted model. Thus, 
the quasar–host decomposition is fairly robust. 
As in Section 2.3, we use measurements of continuum slope 
of the Galactic dereddened SDSS DR7 target spectra to make 
the K-corrections to the PSF and host component magnitudes. In 
order to determine K-corrected host galaxy absolute magnitudes, 
we need to estimate the spectral shape of the AGN and host 
component separately. We assume the AGN component to have 
the spectral shape of the SDSS quasar composite of Vanden 
Berk et al. (2001), scaled it by fnuc and then subtracted from 
our Galactic dereddened SDSS DR7 spectra. For S ´ersic or de 
Vaucouleurs ﬁts, we use the resulting spectrum to determine the 
K-correction. For hosts with Bulge-plus-Disk components, we 
assume spectral shapes consistent with the Kinney et al. (1996) 
bulge and Sc disk templates for the PSQ host bulge and disk 
components, respectively. 
5. ANALYSIS 
If PSQs are indeed transitioning objects, we might expect 
to see correlations between host galaxy parameters involving 
morphology and degree of disturbance with AGN activity. 
For example, AGN activity may show a preference for a 
given merger stage. We investigate the relationships between 
morphology, degree of disturbance, and the ﬁtted host galaxy 
parameters. We test differences between the population medians 
binned by morphology (Section 5.1) and degree of disturbance 
(Section 5.2). In Section 5.3, we characterize the correlations 
between ﬁtted host galaxy parameters for the (1) S ´ersic model 
run of all PSQ hosts, (2) PSQ hosts that are best characterized 
by one component (S ´ersic), and (3) PSQ hosts that are best 
characterized by two components (Bulge-plus-Disk). 
5.1. Morphology 
We classify 13 of the 29 objects as spirals, including two 
“probable” spirals. At least four of these objects appear to be 
ﬂocculent, while six are grand design spirals. The frequencies of 
grand design, ﬂocculent, and multiple spiral arm structure in the 
local universe are 9%, 30%, and 61%, respectively, regardless 
of whether a bar is present (Elmegreen 1990). Although this is 
a small sample, the high frequency of grand design spirals in 
the sample supports interaction/merger simulations of tidally 
induced grand design spiral patterns (Byrd & Howard 1992). 
Another 13 of the 29 hosts were classiﬁed as early-type galaxies. 
Although elliptical galaxies are sometimes thought of as old, red, 
dead objects, PSQ early-types are notably disturbed, revealing 
shells, dust lanes, and asymmetries, signposts of interactions 
that have yet to fade away. The three objects classiﬁed as 
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Table 4 
PSQ Host Galaxy Bulge + Disk Modeling Results 
PSF Bulge Component Disk Component 
Object SDSS MF606W fnuc MF606W reff n b/a P.A. MF606W reff n b/a P.A. 
ID Name (mag) Fraction (mag) (kpc) (◦) (mag) (kpc) (◦) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 
1 J003043−103517a −21.3 0.33 −21.8 10.99 4.0 0.8833 −79.15 −21.1 2.50 1.00 0.3653 −58.34 
2 J005739+010044a −20.1 0.11 −21.9 8.91 4.0 0.8096 −40.41 −21.7 3.97 1.00 0.7433 34.29 
3 J020258−002807a −19.7 0.08 −21.5 4.63 4.0 0.2954 −71.22 −21.8 2.63 1.00 0.8807 5.56 
4 J021447−003250 −21.3 0.35 −22.1 5.35 4.0 0.8555 78.57 −20.8 2.51 1.00 0.7734 71.02 
5 J023700−010130a −20.3 0.15 −22.4 1.08 4.0 0.6607 51.18 −20.7 6.41 1.00 0.5091 72.26 
6 J040210−054630 −20.0 0.20 −17.6 2.35 4.0 0.0019 64.36 −21.4 2.41 1.00 0.9577 −86.98 
7 J074621+335040 −21.1 0.27 −22.1 3.09 4.0 0.7379 −66.99 −21.0 0.59 1.00 0.8951 −64.36 
8 J075045+212546 −23.1 0.52 −23.7 15.55 4.0 0.8540 −80.54 −20.1 3.70 1.00 0.4676 10.96 
9 J075521+295039a −19.2 0.07 −20.5 4.34 4.0 0.6554 −12.95 −21.6 3.05 1.00 0.7855 66.39 
10 J075549+321704 −18.7 0.26 −22.9 3.93 4.0 0.7326 −4.43 −20.0 3.93 1.00 0.7326 −4.43 
11 J081018+250921 −21.7 0.30 −22.7 1.04 4.0 0.7732 73.29 −21.1 6.80 1.00 0.7182 −67.89 
12 J105816+102414 −19.7 0.10 −22.4 0.90 4.0 0.9710 −19.69 −20.1 4.40 1.00 0.8824 −78.55 
13 J115159+673604a −19.9 0.13 −22.3 10.01 4.0 0.5729 −71.66 −17.7 6.38 1.00 0.3030 −74.06 
14 J115355+582442 −21.7 0.54 −20.5 0.00 4.0 0.3096 90.00 −20.9 2.06 1.00 0.6195 35.47 
15 J123043+614821 −20.9 0.26 −22.3 2.07 4.0 0.8307 −37.03 −20.0 11.53 1.00 0.4339 −21.75 
16 J124833+563507 −21.4 0.22 −22.9 8.97 4.0 0.8427 −64.65 −21.1 7.28 1.00 0.5611 30.98 
17 J145640+524727a −20.1 0.16 −20.9 2.63 4.0 0.2985 −71.64 −21.5 2.94 1.00 0.9796 15.05 
18 J145658+593202a −19.8 0.09 −22.4 20.32 4.0 0.5579 −51.99 −21.1 2.29 1.00 0.5595 6.83 
19 J154534+573625a −21.4 0.42 −21.1 1.66 4.0 0.4092 38.86 −21.3 3.88 1.00 0.4748 61.27 
20 J164444+423304 −21.3 0.56 −19.9 1.22 4.0 0.3733 −74.44 −20.6 1.21 1.02 0.9369 74.39 
21 J170046+622056a −20.5 0.17 −18.9 8.68 4.0 0.4979 4.78 −21.1 2.91 1.00 0.4618 34.94 
22 J210200+000501 −21.2 0.28 −22.1 1.23 4.0 0.8617 −68.40 −21.2 4.70 1.00 0.6419 21.07 
23 J211343−075017 −21.6 0.31 −23.0 5.04 4.0 0.9558 61.48 −20.9 1.80 1.08 0.6476 −48.37 
24 J211838+005640 −22.0 0.53 −21.0 2.92 4.0 0.4756 55.96 −21.4 2.30 1.16 0.9141 −84.44 
25 J212843+002435 −21.5 0.42 −22.2 16.02 4.0 0.6240 −31.18 −20.3 3.59 1.00 0.5233 −2.62 
26 J230614−010024a −20.9 0.18 −22.5 7.38 4.0 0.9262 −86.60 −21.5 1.45 1.00 0.8762 −16.58 
27 J231055−090107a −20.7 0.10 −23.7 44.49 4.0 0.4459 −48.88 −20.3 3.54 1.00 0.3051 −10.08 
28 J233430+140649 −21.7 0.52 −10.7 0.01 4.0 0.7895 71.41 −21.4 1.32 1.00 0.8094 −46.05 
29 J234403+154214a −20.3 0.21 −20.5 7.30 4.0 0.5708 29.59 −21.4 3.54 1.00 0.9575 28.93 
Notes. Column 1: object ID number. Column 2: SDSS name. Column 3: integrated Galactic dereddened K-corrected absolute ST magnitude of the PSF in the 
F606W ﬁlter. Column 4: PSF to total light fraction. Bulge Component: Column 5: integrated Galactic dereddened K-corrected absolute ST magnitude in the 
F606W ﬁlter. Column 6: effective radius in kpc. Column 7: S ´ersic index. Column 8: axis ratio. Column 9: position angle (east of north). Disk Component: 
Column 10: integrated Galactic dereddened K-corrected absolute ST magnitude in the F606W ﬁlter. Column 11: effective radius in kpc. Column 12: Se´rsic 
index. Column 13: axis ratio. Column 14: position angle (east of north). 
a Denotes the best/adopted model of the S ´ersic, de Vaucouleurs and Bulge-plus-Disk model runs. 
indeterminate show disturbances or ﬂocculent structure without 
revealing a disk or spiral arms characteristic of spiral galaxies. 
Based on the  S  e´rsic model ﬁts (Table 3), we investigate 
whether the early-type and spiral hosts (including “probable” 
spirals) are drawn from the same parent population using the 
nonparametric Mann–Whitney test. We give the median host 
parameter values for early-types and spirals and the two-tailed 
probability that they are drawn from the same parent population 
in Table 5. P-values above the 2σ level are listed in bold. At 
this level we see bimodal distributions between early-type and 
spiral host galaxies in PSF absolute magnitude, nuclear light 
fraction, effective radius and Se´rsic index. Histograms of the 
tested parameters are given in Figures 4(a)–(e). Although some 
of the tests may be dependent (e.g., PSF absolute magnitude, 
host absolute magnitude and nuclear light fraction) we expect 
less than 0.25 spurious results (σ >  5%). 
Early-type and spiral host galaxies differ in several ways. 
Early-type galaxies have greater PSF absolute magnitudes 
(Figure 4(a)). However, there is not a signiﬁcant difference be­
tween host galaxy absolute magnitudes (Figure 4(b)). Consistent 
with these two results, early-type hosts have larger nuclear light 
fractions (Figure 4(c)). Since early-type and spiral galaxies have 
similar host magnitudes and, by selection, similar stellar pop­
ulation ages, this results in their having similar total masses. 
However, the black hole mass is expected to correlate with the 
mass of the spheroidal component only. Thus, early-type galax­
ies having greater AGN luminosities may simply reﬂect the fact 
that they have larger black holes but similar fueling rates (e.g., 
similar Eddington ratios). 
A visual inspection of the images reveals that the spiral galax­
ies appear larger than the early-type galaxies (see Figure 4(d)). 
The Mann–Whitney test of the early-type and spiral host effec­
tive radii gives only a ∼ 2% probability that the populations are 
the same. This is consistent with results from studies of SDSS 
galaxies (e.g., Shen et al. 2003; Blanton & Moustakas 2009), 
which have shown that spirals tend to have larger effective radii 
than all but the most massive ellipticals (elliptical galaxies). 
We expect that our quantitative (Se´rsic index) and qualitative 
(morphology) measures of galaxy type are correlated (see also 
Figure 4(e)). However, within their respective distributions, 
early-type and spiral galaxies can cover a range of S ´ersic indices, 
usually n ∼ 1–2 for spiral types and n ∼ 1–5 for elliptical hosts 
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Figure 2. Raw (left), GALFIT model (middle), and residual (right) images of the PSQs. The images are 2011 × 2011. We note here that in order to retain the orientation 
of the diffraction spikes the images are not North aligned as in Figure 1 but oriented as the targets were originally imaged on the ACS/WFC. Companion galaxies are 
masked prior to ﬁtting.
 
(A color version of this ﬁgure is available in the online journal.)
 
(Blanton & Moustakas 2009). Our study yielded S ´ersic indices 
medians of 1.85 and 3.43 for spiral hosts and early-type types, 
respectively. 
5.2. Degree of Disturbance 
We ﬁnd evidence of interactions and/or companions in 17 
of the 29 PSQs. There are 11 (∼40%) objects that are visibly 
disturbed, of which four are highly disturbed. The remaining 12 
objects have no signs of interaction, which include undisturbed 
early-type galaxies, spirals, and barred spirals. It is interesting 
to note that four of ﬁve barred spirals were classiﬁed as 
undisturbed. Studies have suggested that bars can result from 
instabilities caused by strong interactions (Berentzen et al. 2004; 
Varela et al. 2004). Bar instability may also be a secular process. 
Thus, it is possible that the presence of bars are a possible 
AGN/starburst fueling mechanism aside from the usual suspects 
of merger, interaction, and harassment, or we are probing bar 
formation/evolution just after visible evidence of the perturbing 
interaction has faded. 
We test whether the disturbed (both disturbed and highly 
disturbed) and undisturbed host galaxies are drawn from the 
same parent population using the nonparametric Mann–Whitney 
test. We give the median host parameter values for undisturbed 
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Figure 2. (Continued) 
and disturbed galaxies and the two-tailed probability that they 
are drawn from the same parent population in Table 5. We see  
bimodal distributions between disturbed and undisturbed host 
galaxies in host absolute magnitude and nuclear light fraction. 
Histograms of these parameters are given in Figures 5(a)–(e). A 
total of ﬁve population tests were performed. The same caveat 
mentioned in Section 5.1 about dependent parameters applies 
here. We expect less than 0.25 spurious statistically signiﬁcant 
results. 
Figure 5(b) shows that disturbed galaxies have greater abso­
lute host galaxy magnitudes. This could be due to galaxy–galaxy 
interaction-induced star formation. However, there seems to 
be no signiﬁcant bimodality in the distribution of quasar ab­
solute magnitude with respect to degree of disturbance. The 
PSF luminosities of the disturbed and undisturbed galaxies are 
not signiﬁcantly different. Consistent with the two previous re­
sults, undisturbed galaxies have greater nuclear light fractions 
(Figure 5(c)). 
A useful tool in analyzing relations between morphology and 
degree of disturbance are the distributions of Figure 6. Binned 
by degree of disturbance (Figure 6(a)), the distribution of early 
types and spiral hosts are approximately equivalent. Similar 
numbers of early types and spiral types are seen in each bin. 
Viewed another way, binned by morphology (Figure 6(b)), we 
come to the same conclusion. 
5.3. Host Parameter Correlations 
We calculate Spearman-rank correlation coefﬁcient matrices 
between ﬁtted host galaxy parameters for the (1) S ´ersic model 
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Figure 2. (Continued) 
run of all PSQ hosts, (2) PSQ hosts that are best characterized 
by one component (Se´rsic), and (3) PSQ hosts that are best 
characterized by two components (Bulge-plus-Disk). We looked 
for correlations above the 2σ level. We expect less than 3.9 
spurious signiﬁcant correlations of the 78 tests we performed. 
As mentioned in Sections 5.1 and 5.2 the expected correlations 
between PSF absolute magnitude and nuclear light fraction are 
conﬁrmed for each correlation matrix (S ´ersic, adopted single 
component, and adopted two component). We plot the PSF 
magnitude, nuclear light fraction, and host magnitude against 
each other for the S´ run We noteersic model in Figure 7. 
that there are no signiﬁcant correlations for the pair’s host 
magnitude versus nuclear light fraction (Figure 7(a)) and PSF 
magnitude versus host magnitude (Figure 7(b)). However, there 
is a signiﬁcant correlation (coefﬁcient of −0.811) between PSF 
magnitude and nuclear light fraction (Figure 7(c)). 
The single component matrix yielded two signiﬁcant cor­
relations (effective radius-S ´ersic index at P-value 0.011, PSF 
magnitude-host magnitude at P-value 0.011), while the dou­
ble component matrix resulted in two signiﬁcant correlations 
(bulge magnitude-bulge effective radius at P-value 0.025, disk 
magnitude-disk b/a at P-value 0.001). These correlations may 
represent physical (non-spurious) correlations between host pa­
rameters. We hope to determine whether this is the case in future 
studies (see Section 7). 
6. DISCUSSION 
The morphologies and levels of disturbance of PSQs vary. 
This sample is not homogeneous; about half are ellipticals, half 
spirals and half disturbed, half undisturbed. This is perhaps 
surprising since we used a uniform automated algorithm to 
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select the sample based on the same spectroscopic crite­
ria. This variance could be related to many factors, such as 
quasar lifetime, quasar and/or starburst ignition time, fuel 
availability/consumption, and galaxy interaction type. Multi­
ple combinations of quasar and starburst properties could lead 
to the heterogeneity of PSQs. Schawinski et al. (2009) argue 
that to detect both AGN and post-starburst populations a de­
lay between peak AGN and starburst activity on the order of 
100 Myr is needed, thus AGNs begin quenching star formation 
prior to our ability to detect them. In order to detect an object as 
a PSQ, the post-starburst population and AGN luminosity must 
be of comparable strength, hence there is a window for detection 
which is dependent upon the lifetime of each. If the starburst and 
quasar are coeval, PSQs may be probing interaction/triggering 
timescales within ∼100 Myr. However, if there is a lag between 
the two, or one triggers the other, we may be probing interaction/ 
triggering timescales of up to 1 Gyr. The objects of this sample 
may represent snapshots in time along an evolutionary sequence 
which suggests why their morphologies are so different. 
While theory suggests that galaxy formation in the early 
universe was hierarchical, antihierarchical quenching of star 
formation in large galaxies is consistent with observations of 
the local universe (Cowie et al. 1996). The transition between 
the two regimes lies at z ∼ 1–2, somewhat after the peak of 
AGN activity. Thus, for the better part of the past 10 billion 
years, the characteristic stellar mass of forming galaxies has 
been decreasing (cosmic downsizing) and black hole growth has 
migrated from the largest SMBH in the early universe to small 
ones now (AGN cosmic downsizing; Heckman et al. 2004). 
Today most of the big systems have merged, and as a result 
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the prodigious amount of fuel necessary to power quasars is 
not available. Thus, we see weaker AGNs, powered by smaller 
engines, in smaller galaxies, and less dramatic interactions 
or secular evolution (e.g., minor mergers, harassment, bars, 
instabilities). 
Galaxies may evolve via different modes according to their 
morphology and epoch. The early-type hosts of this study are 
possibly the less massive versions of giants at z ∼ 2 formed via  
hierarchical merging whereas the spiral hosts may have retained 
their shape after a minor interaction, harassment, or secular 
processes and be more consistent with downsizing. For example, 
the evolutionary schema for the elliptical mode induced by a 
major merger may begin with (1) a ULIRG phase upon ﬁrst 
approach (tidal effects inducing intense star formation and a 
powerful quasar enshrouded by dust) during which coalescence 
occurs, (2) the quasar swamps the host galaxy light in the QSO 
phase after the dust is blown out by feedback from the quasar, 
(3) then a brief PSQ (quasar+post-starburst) phase ensues as the 
quasar fades to a luminosity comparable to the post-starburst 
populations, (4) as the quasar continues to fade the post-starburst 
populations are more clearly visible (E+A), and (5) ﬁnally even 
the post-starburst and merger signatures have faded to reveal the 
elliptical host (Hopkins et al. 2008). 
The evolutionary schema for the spiral mode induced by a 
minor interaction, harassment, or secular processes may begin 
with (1) a starburst phase upon inducement followed by, (2) 
coalescence/relaxation and an E+A phase, (3) then, once fuel 
to feed the AGN reaches the nucleus, a PSQ phase ensues, 
(4) and as the post-starburst population fades an AGN/Seyfert 
phase follows, and an (5) undisturbed spiral is observed once 
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the AGN and possible disturbance signatures have vanished. 
Both elliptical and spiral hosts are equally present in the PSQ 
sample, thus we suggest that both of these modes of evolution 
are important. 
By comparing our sample with others we may be able to 
gain insight into how these candidate transitioning object ﬁt 
into evolutionary classes. We give a brief comparison of recent 
samples of candidate transition objects in Table 6 as well as a 
plot of the samples Galactic dereddened K-corrected r absolute 
magnitudes as a function of redshift in Figure 8. In the following 
paragraphs we discuss in more detail comparisons between 
PSQs and other possible transition types. 
A recent study by Yang et al. (2008) of post-starburst, or 
E+A, galaxies presents the detailed morphologies of 21 E+A 
galaxies using high-resolution HST/ACS and WFPC2 images. 
The selection criterion were similar to our PSQs with the 
additional constraints of increasing Htotal to be greater than 
5.5 Å, little [O ii] emission (EW[O ii] < 2.5 Å) with lower 
redshift (0.07 < z  <  0.18). The study reveals that 11 of 21 
(55%) objects have dramatic tidal features indicative of mergers. 
The E+As are found to be similar to early-types; having high 
bulge-to-total light ratios (median B/T = 0.59) and high S ´ersic 
indices (n � 4). The majority of the objects appear to be early-
types while at least two objects are grand design spiral galaxies. 
Eleven objects are disturbed and the remaining objects show 
no visual signs of interaction or harassment at this resolution. 
In comparison to the PSQ sample, the level of disturbance and 
higher number of early-types suggests that these objects may be 
in closer alignment with the elliptical mode of evolution in their 
last throes of morphological disturbance. 
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A PSQ with a more powerful/massive central engine would preparation) obtained deep (ﬁve orbit) HST/ACS images for 
observationally appear as a QSO, swamping out the light from 18 QSO host galaxies that were classiﬁed morphologically as 
its own host galaxy. To address the question of whether the ellipticals. These objects are relatively nearby and luminous 
majority of QSOs are the result of recent mergers, Canalizo quasars (MV < −23.5, 0.1 < z < 0.25). Of the initial pilot 
et al. (2007), Bennert et al. (2008), and G. Canalizo (2011, in study of ﬁve objects, the majority (4/5) revealed striking signs 
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(a) (b) 
(c) (d) 
Figure 3. (a) Comparison of the nuclear light fraction determined by the S´ ersic model adopted ersic and Bulge-plus-Disk model runs. Red points are PSQs with the S ´
as the best ﬁt. Blue stars are PSQs with the Bulge-plus-Disk model adopted as the best ﬁt. The dashed line has a slope of unity. (b) The distribution of Bulge-plus-Disk 
model nuclear light fractions. (c) The distribution of Se´rsic model nuclear light fractions. (d) The distribution of adopted model nuclear light fractions. 
(A color version of this ﬁgure is available in the online journal.) 
Table 5 
PSQ Host Galaxy Se´rsic Modeling Population Tests 
Se´rsic Morphology Prob(W) 
Parameter 
PSF MF606W −21.4 −20.3 0.0077 
Host MF606W −22.3 −22.2 0.5050 
fnuc 0.34 0.20 0.0120 
reff 2.28 4.97 0.0240 
n 3.43 1.85 0.0210 
Se´rsic Degree of Disturbance Prob(W) 
Parameter Undisturbed Disturbed 
PSF MF606W −20.9 −20.8 0.6214 
Host MF606W −22.2 −22.4 0.0701 
fnuc 0.30 0.20 0.2396 
reff 4.24 4.63 0.1878 
n 2.00 2.801 0.7419 
Notes. Median values for the S ´ersic modeling parameters of objects 
binned by morphology (early-type and spiral, respectively). Prob(W) 
are the two-tailed probabilities that the medians of the early-
type and spiral subsamples are as different as they are if their 
parent populations shared the same median, computed using the 
nonparametric Mann–Whitney test. P-values above the 2σ level are 
listed in bold. 
of tidal interactions such as ripples, tidal tails, and warped disks 
that were not detected in previous shallower studies. For the 
PSQ sample, the total exposure time of 720 s corresponds to 
about one quarter of an orbital period. It is possible that ob­
serving PSQs at the depth of the QSO study may show more 
evidence of interaction via the detection of low-surface bright­
ness ﬁne structure hence, increasing the disturbance fraction. 
The high luminosities and early type host morphology indi­
cate that their sample is likely among the elliptical mode of 
evolution. This careful study may reveal the answer to what as­
tronomers have been pondering for decades: Can most quasar ac­
tivity be attributed to transitioning hosts via merger/interaction 
activity? 
We can also compare PSQs to other AGNs of similar redshift 
and luminosity. Bennert et al. (2010) obtained HST single 
orbit imaging to determine morphology, nuclear luminosity, 
and structural parameters of the spheroidal component for a 
sample of 34 Seyfert galaxies at z = 0.36. The majority 
of the galaxies are intermediate or late-type spirals (29/34). 
Furthermore, 10/34 galaxies show disturbance/interaction and 
at least ﬁve are merging with companion galaxies and three are 
morphologically disturbed. The fraction of disturbed hosts is 
less for the Be10 sample in comparison with PSQs (10/34 and 
17/29, respectively). Again we must note that observing PSQs 
at the depth of the Be10 study might lead to more evidence of 
interaction, increasing the disturbed fraction. In comparison to 
the PSQ sample, the high fraction of spirals and low disturbance 
fraction suggests that the Be10 galaxies are likely among the 
spiral mode of evolution. 
We note that the most luminous PSQs with disturbed early-
type host galaxies appear to be consistent with merger products. 
This is not inconsistent with recent studies which show that 
AGNs with z < 1 are not found to be overly disturbed in 
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(a) (b) (c) 
(d) (e) 
Figure 4. (a–e) Solid histogram represents the total distribution while the red horizontal and blue vertical hatched histograms indicate the early-type and spiral plus
 
“probable” spiral morphology distributions.
 
(A color version of this ﬁgure is available in the online journal.)
 
Table 6 
Comparison of Sample Types 
Sample Reference Number of 
Objects 
z 
Range 
(Mr ) 
PSQ This work 29 0.25:0.45 −22.9 
E+A Y08 21 0.07:0.18 −20.07 
Low-z QSOs Be08 5 0.1:0.25 MV < −23.5 
z ∼ 0.37 Seyferts Be10 34 z ∼ 0.37 −23.3 
comparison to a control sample of inactive galaxies (Cisternas 
et al. 2011). These AGNs are less luminous than PSQs and 
represent a more typical population of AGNs at lower redshifts. 
However, the small volume size from which the Cisternas et al. 
(2011) sample is selected represents a small probability that 
there will be any luminous AGNs/quasars in the ﬁeld. The PSQ 
sample is more extreme, both in luminosity and post-starburst 
features. However, we do ﬁnd that our less luminous objects 
appear to be Seyfert galaxies that have not required major 
mergers to trigger the AGN. 
Comparison of PSQs with other types (e.g., nearby luminous 
quasars of Bennert et al. 2008, E+A galaxies of Yang et al. 
2008, and z ∼ 0.36 Seyfert 1s of Bennert et al. 2010) 
provides more insight into the roles that transitioning galaxies 
can play in galaxy evolution. At least in objects that are 
considered transitioning, we see at low redshift, luminous 
Morphology Number 
Disturbed 
5 early-type 
29 spiral 
13 spiral, 13 e
Consistent wit
arly-type, 3 Indeterm. 
h early-type, with 2 GD spirals 
17 
11 
4 
20 (�5 merging + �3 disturbed) 
quasars and galaxies can be disturbed merger products (Yang 
et al. 2008; Bennert et al. 2008). However, a sample of AGNs at 
similar redshift is more consistent with secularly evolving spiral 
galaxies (Bennert et al. 2010). Since PSQs are a heterogeneous 
population with a variety of morphologies, both dynamical 
interactions and secular evolution appear to play important roles 
in the evolution of active galaxies while z < 1. 
7. SUMMARY AND OUTLOOK 
We studied in detail the morphologies and host galaxy pa­
rameters of 29 PSQs using high resolution HST/ACS-F606W 
images. We test the idea that PSQs are a phase in the life of 
galaxies triggered by external events (e.g., mergers, tidal inter­
actions) or whether they are a more heterogenous population 
in which multiple mechanisms, external and/or internal, can 
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(a) (b) (c) 
(d) (e) 
Figure 5. (a–e) Solid histogram represents the total distribution while the red horizontal and green vertical hatched histograms indicate the undisturbed and disturbed/
 
harassed plus highly disturbed/merging host galaxy distributions.
 
(A color version of this ﬁgure is available in the online journal.)
 
(a) (b) 
Figure 6. (a) White, black, cross-hatched, and gray bars indicate the elliptical, spiral, “probable” spiral, and indeterminate morphology distributions, respectively, 
binned by disturbance index and separated by the dotted line. (b) White, black, cross-hatched, and gray bars indicate the highly disturbed, disturbed/harassed, 
undisturbed, and indeterminate host galaxy distributions, respectively, binned by morphology and separated by the dotted line. 
contribute to the class (e.g., mergers, harassment, bar instabil- interactions of a variety of types. However, we must note 
ities). The degree of disturbance in these objects is sugges- that not all of these objects are disturbed, thus, secular pro­
tive of dual quasar and starburst activity due to galaxy–galaxy cesses of the downsizing epoch may also play a role in 
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(a) 
(c)(b) 
Figure 8. Comparison of Galactic dereddened K-corrected r absolute magni­
tudes of our sample (red circles), that of Bennert et al. (2010; green squares), and 
Yang et al. (2008; blue triangles). Filled symbols represent the total magnitude 
Figure 7. Parameters: PSF magnitude, nuclear light fraction, and host magnitude 
plotted against each other. The points indicate morphology where red circles, 
blue stars, green triangles, and yellow squares are the early-type, spiral, 
“probable” spiral, and indeterminate morphology distributions, respectively. 
(A color version of this ﬁgure is available in the online journal.) 
dual quasar-starburst activity. We give a summary of the 
results. 
1. Thirteen of 29 PSQs reside in spiral hosts. Thirteen of 
29 PSQs reside in early-type hosts. Three of the targets 
are of indeterminate morphology. This implies that at least 
two mechanisms are responsible for the triggering the PSQ 
phase. 
2. Early-type galaxies have greater PSF/AGN luminosities, 
although early-type and spiral hosts have similar host 
galaxy luminosities. Thus, assuming similar Eddington 
ratios, early-types have greater black hole masses. 
3. The majority of PSQs (17/29) have some sort of interaction 
or disturbance. Statistically, early-type and spiral hosts are 
similarly disturbed. Deeper imaging could reveal even more 
disturbances. 
4. Four of the ﬁve barred spirals are undisturbed, which may 
be explained if bars are a starburst/AGN fueling mechanism 
in their own right, or bars are a result of strong interactions 
that happened too long ago for us to detect. 
5. The most luminous PSQs with disturbed early-type host 
galaxies appear to be consistent with merger products. The 
less luminous objects appear to be constant with Seyfert 
galaxies, many of which are barred spirals. 
6. Comparison of PSQs with other types of galaxies shows 
that both dynamical interactions and secular evolution play 
important roles in the evolution of active galaxies for z <  1. 
In order to address the outstanding questions involving PSQs 
and their role in evolutionary scenarios of galaxies we will 
look at additional properties of post-starburst galaxies and 
AGNs via population synthesis modeling in an upcoming paper 
(Paper II). We have obtained new high signal-to-noise optical 
spectroscopy of all but one object of the PSQ sample. The 
analysis of the spectra will focus on the determination of the 
ages and masses of the host stellar populations (utilizing stellar 
population synthesis models) and the black hole masses and 
while the open symbols use fnuc to calculate the host galaxy magnitude. 
(A color version of this ﬁgure is available in the online journal.) 
their Eddington fractions (by making virial mass estimates). 
By design, the host galaxies of this sample have massive 
(Mburst ∼ 1010 M0) and moderate-aged stellar populations 
(hundreds of Myr). Preliminary measurements indicate that 
PSQs have Eddington fractions (L/LEdd) on the order of 10% 
with MBH ∼ 107 M0. If the sample represents snapshots along 
an evolutionary sequence we might expect to see some trends 
within morphology type in starburst mass, stellar population 
age, supermassive black hole mass and Eddington fractions. 
However, these calculations require high signal-to-noise optical 
spectroscopy to deconvolve the host and AGN components 
and are beyond the scope of this paper. With this additional 
information we will revisit issues discussed in this paper. 
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port from NASA through the LTSA grant NNG05GE84G. Z. 
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Foundation of China through grant 10633040 and support by 
Chinese 973 Program 2007CB815405. S. L. Cales was sup­
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APPENDIX A 
SDSS SPECTRA 
SDSS DR7 spectra of the targets are given in this appendix 
(Figure 9). 
APPENDIX B 
NOTES ON INDIVIDUAL OBJECTS 
Object 1 (SDSS J003043.59-103517.6). The host is of barred 
spiral type viewed face-on with two symmetric spiral arms 
clearly visible. Three faint possible companions are located 
within about 1011 (WNW, NE, and SSE). There is a companion 
galaxy 1411 .7 from the central nucleus (P.A. = 146◦). 
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Figure 9. SDSS DR7 spectra of the PSQ sample numbered as in Table 1. 
Object 2 (SDSS J005739.19+010044.9). This host is a slightly 
asymmetric face-on spiral. 
Object 3 (SDSS J020258.94−002807.5). Classiﬁcation of the 
host is indeterminate. The object is clearly disturbed. The arc 
in the SE quadrant of the object, 011 .8 from the nucleus, may be 
asymmetric star formation or a possible double nucleus. 
Object 4 (SDSS J021447.00−003250.6). This object appears 
to be a fairly smooth early-type. 
Object 5 (SDSS J023700.30−010130.5). This ring galaxy 
reveals spiral-like structure in the nucleus. A bright source near 
the ring visible 211 .6 to the SSW (P.A. = 211◦) of the nucleus is 
a foreground M star (R. Stoll et al. 2011, in preparation). 
Object 6 (SDSS J040210.90−054630.3). The target here 
appears to have undergone recent interaction. It could be that 
this is a spiral with a bright star-forming tidal tail in the east. 
However, what looks like a tidal tail could (and may well) be 
the remnant of an interacting companion galaxy. An arc of star 
formation appears in the NW quadrant of the object at a line-of­
sight semimajor axis distance of 111 .2. 
Object 7 (SDSS J074621.06 + 335040.7). The target appears 
to be a smooth early-type host. 
Object 8 (SDSS J075045.00 + 212546.3). The host appears 
to be an early-type host with possible interaction/merger sig­
natures visible in the form of shells (one such shell is appar­
ent in the NE quadrant of the target at a line-of-sight radius 
of 311 .7). 
Object 9 (SDSS J075521.30 + 295039.2). The arms of this 
spiral are ﬂocculent and asymmetric. 
Object 10 (SDSS J075549.56 + 321704.1). Although at ﬁrst 
glance this object might appear to be an early-type, a closer 
look reveals a faint bar of length 011 .9 oriented at P.A. ∼135◦ . 
A companion of this object (1411 .6 from target, P.A. = 140◦) is  
visually disturbed with a jagged “S” appearance and long tidal 
tail extending toward the north. 
Object 11 (SDSS J081018.67 + 250921.2). A faint hint of a 
tidal tail/fuzz emanating from the central SE quadrant towards 
the south (311 .5, P.A. = 136◦) adds ﬁne structure to this otherwise 
smooth early-type host. 
Object 12 (SDSS J105816.81 + 102414.5). This host appears 
to be a smooth early-type. 
Object 13 (SDSS J115159.59 + 673604.8). Two symmetric, 
yet faint spiral arms connect via the bar (411 .9 across, P.A. ∼135◦) 
of this face-on barred spiral. SDSS photometrically identiﬁes a 
neighboring galaxy 1511 .6 from the target at P.A. = 104◦ . 
Object 14 (SDSS J115355.58 + 582442.3). The object appears 
to be a smooth early-type host elongated at P.A. ∼70◦. SDSS  
photometrically identiﬁes a neighboring galaxy 1611 .3 from the  
target at P.A. = 325◦ . 
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Figure 9. (Continued) 
Object 15 (SDSS J123043.41 + 614821.8). Classiﬁcation of 
the host is indeterminate. The host shows faint ﬂocculent spiral 
structure without revealing anything so organized as arms. SDSS 
photometrically identiﬁes a neighboring galaxy 511 .4 from the  
target at P.A. = 164◦ . 
Object 16 (SDSS J124833.52 + 563507.4). This host is a 
highly disturbed early type. Flare-like shells are apparent in 
the NW and SE quadrants of the object (radii = 411 .4 and 611 .1, 
respectively) as well as a visible dust-lane within a line-of-sight 
distance 011 .5 from the quasar in an NNW–SSE fashion. SDSS 
photometrically identiﬁes a neighboring galaxy (which appears 
to be a spiral) 1611 .7 from the target at P.A. = 92◦ . 
Object 17 (SDSS J145640.99+524727.2). This host is a face-
on barred (211 .2 across, P.A. ∼20◦) spiral with ﬁne structure. 
SDSS photometrically identiﬁes a fuzzy neighboring galaxy 
811 .2 from the target at P.A. = 297◦ . 
Object 18 (SDSS J145658.15+593202.3). Merger of two 
to three apparent spiral galaxies with another apparent spiral 
118companion within 911 .7 at P.A.  = 213◦. The double nuclei are 0. 
apart, which is in turn 411 .1 from the galaxy approaching from 
the west (P.A. = 90◦). SDSS photometrically recognizes several 
other sources within 1011 .0. The SDSS photometric pipeline 
deblends the source into two objects. The magnitude reported 
in Table 1 refers only to the double nucleus source, and not the 
companion to the east. 
Object 19 (SDSS J154534.55+573625.1). At ﬁrst glance one 
might classify the host as an early-type. But, on closer inspection 
there appears to be a ﬂattened disk elongated in the ENE–WSW 
direction. A dust lane envelopes the nucleus with dimensions 
111 .3 (line of sight) in the semimajor axis and 011 .6 (line of sight) 
in the semiminor axis. SDSS photometrically identiﬁes a fuzzy 
neighboring galaxy 911 .3 from the target at P.A. = 133◦ . 
Object 20 (SDSS J164444.92+423304.5). The host appears to 
be a smooth early-type. SDSS photometrically identiﬁes what 
appears to be an edge-on spiral along with another spiral at 
distances, 311 .0 (P.A.  = 0◦) and 411 .5 (P.A.  = 107◦), respectively, 
from the target. 
Object 21 (SDSS J170046.95+622056.4).  The disk of this  
spiral has a ring of star formation 311 .6 from the central source (or 
a dust lane at 211 .0, semimajor axis line of sight). This ring of star 
formation may be due to harassment from a small satellite galaxy 
211 .6 away (line of sight, P.A. = 197◦). SDSS photometrically 
identiﬁes a fuzzy neighboring galaxy 611 .3 from the target at 
P.A. = 45◦ . 
Object 22 (SDSS J210200.42+000501.8). This early-type 
host has a tidal tail extending 411 .1 (P.A.  = 264◦) in length from 
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the central source possibly wrapping around behind the host 
(from W to E) and ending with the tip of the tail on the opposite 
side of origin at a distance of 411 .1 (P.A.  = 80◦). The SDSS 
photometric pipeline classiﬁes part of the tidal tail as a separate 
source, thus the magnitude of the galaxy reported in Table 1 will 
be slightly underestimated. 
Object 23 (SDSS J211343.20-075017.6). The smooth early-
type target is at a line-of-sight distance of 711 .5 (P.A.  = 132◦) 
from its early-type companion. 
Object 24 (SDSS J211838.12+005640.6). The object appears 
to be a smooth early-type host. 
Object 25 (SDSS J212843.42+002435.6). This early-type 
host, which is elongated in the NE-SW direction, has (what 
appears to be an early-type) companion located 211 .6 (P.A.  = 
162◦) from the central source. There also appears to be more 
tidal ﬂuff extending 211 .6 from nucleus in the S (P.A. = 180◦). 
The SDSS photometry includes both the central source and the 
companion. 
Object 26 (SDSS J230614.18-010024.4). The companion of 
this ﬂocculent face-on spiral is 1011 .8 (line of sight, P.A. = 246◦) 
from the nucleus. The host appears to have a single arm (which 
could be a tidal tail) located in the NE quadrant of the object, as 
well as a tidal arc 111 .7 from the nucleus in the SE. 
Object 27 (SDSS J231055.50-090107.6). This pair is remi­
niscent of M51 (The Whirlpool Galaxy). The southern arm of 
the large spiral is intersected by a smaller galaxy at a line-of­
sight center to center distance of 411 .1 (P.A.  = 212◦). Although 
the orientation of the primary spiral galaxy is not favorable 
there appears to be a bar of 411 .5 across at P.A. ∼55◦. The SDSS 
photometric pipeline deblends the source into two objects. The 
magnitude reported in Table 1 refers only to the large spiral. 
Object 28 (SDSS J233430.89+140649.7). This object appears 
to be a fairly smooth early-type with a faint tidal tail disturbance 
in the SE quadrant. 
Object 29 (SDSS J234403.55+154214.0). The host is similar 
to that of SDSS J230614.18−010024.4, a ﬂocculent face-on 
spiral. 
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